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SUMMARY

I am indebted to Dr. Conrad Longmire and Dr. Neal Carron for
writing a very useful and readable report. Thanks go to Dr. Carron for
’ setting up the parameters for the computer solution (although it was
originally used for a different purpose) presented in Appendix II. Thanks

also go to Dr. Longmire for helpful comments after reading the first draft

of this report. I am indebted to Ms. Colleen Hannigan for her efforts in

typing this report.
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SECTION 1

INTRODUCTION

When high-intensity X-rays strike a conducting surface in
vacuum a negatively-charged layer forms just above the surface. This
layer—called the space-charge-boundary layer—is formed by the photo-
electrons ejected from the surface. The properties of the boundary layer,
in particular the modes of oscillation, can be important in the study of
SGEMP.

Recent experiments using low-energy X rays to form such a boundary
layer may not be wholly interpretable in terms of purely static (time
independent) boundary layer theory. The unambiguous interpretation of
future experiments, with low-energy photons, will depend upon an understand-
ing of the dynamic properties of the boundary layer. This paper attempts
to contribute to that understanding by investigating small oscillation of

the boundary layer about static equilibrium.

To properly analyze the dynamic properties of the one-dimensional
boundary layer requires the simultaneous solution of the Vlasov equation
and the Poisson equation. Since this is a non-linear system of equations
its complete time-dependent solution is most easily made by means of
computer codes. A computer analysis of this problem has been made by
Carron'. The analytic investigation of small oscillations about equilibrium
will be made by means of the linearized Vlasov equation and by utilizing an

analog of the adiabatic condition for an ideal gas. This latter condition
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is equivalent to solving the linearized second order Vlasov moment equation

(energy equation).

The Vlasov equation used to solve the boundary layer system con-
tains only one species, namely electrons. The system is therefore not a
plasma in the literal sense of the word. Although some of the terminology
of plasma physics is convenient for a description of the boundary laver,
concepts such as the frequency of plasma oscillations should not be accepted
uncritically. The definition of a plasma requires that the plasma system
is neutral outside a length called a Debye length. Plasma theory describes
the plasma system only for dimensions greater than a Debye length. Exactly
the opposite is true for the boundary layer. There exists a length, called
the boundary layer thickness (sometimes also called a Debye length) which
basically defines the dimension bevond which the system is neutral. For
the boundary layer all the physics happens within this length not outside
of it. One of the results of this investigation will be the determination
of the frequencies of adiabatic oscillation of the boundary system for
known static solutions. A general way to approximate the lowest mode of

oscillation for a general static solution will also be described.

In Section 2 of this report the wave equation, describing oscil-
lations of the boundary layer, for a general static solution is derived.
In Section 3 the condition for adiabatic oscillations is formulated and
the wave equation of Section 2 is particularized to the case of adiabatic
oscillations. Boundary conditions are also discussed in this section.

One of interesting results that follows from the properties of the new
wave equation is that all fluid oscillations—if they exist at all—of any

boundary laver, are stable.

In Section 4 we solve for the modes of oscillation for three

known static solutions’”. These static solutions are for electrons emitted




either normal to the surface or for electrons emitted with a cosine distribu-

tion with respect to the normal to the surface. One of these static solutions

describes normal emission with a monoenergetic energy distribution. This
is the only static solution of the three which allows physically meaningful
solutions. This result seems to correspond with the findings of computer
code investigations of the one-dimensional boundary laver. Oscillations
have been observed with monoenergetic, normal emission code simulations but

the oscillations do not seem to occur with other types of emission.

In Section 5 the results of the reported investigation are sum-
marized and speculated upon. In Appendix I we demonstrate that the means
by which we obtained the adiabatic condition for the boundary layer vields

the usual adiabatic condition in the case of an ideal gas. Appendix II

contains a comparison between the oscillations observed in a computer simula-

tion of monoenergetic normal emission with that of the analytic result of
Section 4. The lowest mode of the analytic result is equal to the measured

frequency, within the accuracy of the measurement.
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SECTION 2
GENERAL EQUATION OF OSCILLATIONS

In this section the wave equation which describes oscillations
about equilibrium will be derived. We take the point of view that the
perturbations of physical interest manifest themselves in terms of an ob-
servable fluid velocity 9£/9t (an observable charged current flow, for example).
£ can be interpreted as a displacement of a particle of fluid from its
equilibrium position. We look for those equations that describe the displace-
ment £. We begin by taking the usual zero order and first order velocity
moments of the linearized Vlasov equation. Combining these two equations we

will obtain the equation we seek.

The Vlasov equation in one dimension is

of of of
§E-+ v 5;—+ a i 0 5 (1)

where f(x,v,t) is the distribution function for electrons, x is the vari-
able of position, v is the velocity variable, t is the time and a 1is the

acceleration. The acceleration is defined by
a=-e/m~—~, (2)
where the electrostatic potential ¢ is defined through the Poisson equation

2
3—‘3 = - 4m(e/mp , (3)
X

and the mass density is defined by




p(x,t) = mffdv ) (4)
We now linearize Equation 1. If f() represents a static solution of Equa-
tions 1 through 3 and &f represents a perturbation about equilibrium, then
using

f = fo + 6f , (5)

in Equations 1 to 3 the equations describing the perturbation becomes

a(f,)
| 9 (8f) 3(8f) 9(6f) 3 0" _ \
! 5 Y m  feow CAwm — % (63
2
§—£§§1-= - 4m e/m Sp , (7)
/ 9x
i
and
1
H 3 (8¢
6a = - £200) (8)
Here we have used the static equilibrium equation
of of
R
s~ S T ()

and the notation that a subscript zero corresponds to a quantity defined
by means of the static distribution function fO, a § before a quantity

is defined by means of the perturbation &f. For example, the mass densities
0 and §p are defined by inserting fo and &f respectively in Equation 4 for
£

i

o mffodv 7 (10)

and

8o = m f Sfdv . (11)

Taking the zero order and first order moments of Equation 6 while using

the definitions

10




9§ X
e e 12
pOt_mfchfdv, (12)

and
P=m fvzfdv . (13)

where 3£/0t is the perturbed fluid velocity and P is the pressure, we find

that
3 (8p)
ot
and
2
o 8
0 atz

Substituting Equation
15 we find

of static equilibrium

%y
X

we find that

2

+

Equations 14 and 16 are defined totally in terms of fluid concepts. From

Equation 14 the expression for the conservation of mass, we see that

3
Sp = - % (OOE) ¢ CE7)

Upon substituting (17) into (7) we have
- 47 e/mpOC : (18)

Substituting Equations 17 and 18 into 16, using Equation 7 and the equation

€
€2, (19)

5
9" (Py8)

TR (14)
adp
W = 8060 - (SZIOO =0 . (15)

(with ¢ replaced by ¢0) and Fquation 8 into Equation

%
d e( 0 . . 98¢ ,\)_ v
X P tulex %t 5P/ 0 (163

8¢0

11




> 3P £
e 2 (oo ot S (20)

P
¢

0

Equation 20 is the general differential equation we seek which describes
oscillations about static solutions. In the next section we will relate

SP to & for a particular type of motion.

12




SECTION 3
ADIABATIC OSCILLATION CONDITIONS

To find an expression for 6P in Equation 20 we formulate a con-
dition which maintains the energy in any given volume of fluid constant
throughout the perturbation. In Appendix I we demonstrate that this
condition is analogous to adiabatic motion in an ideal gas. The condition
in the circumstances which describe the boundary layer, will also be called

the adiabatic condition.

If the energy density of the electron gas at x is €(x) then the

total energy W is
d

W= f e(x)dx . (21)
0
Taking the point of view that £ is the displacement of the electron gas at
the point x it can be shown® that the change in energy &w due to this

displacement is
SW = f(&, + -*—8%;)le ; {22

If we wish W to equal zero for every element of volume we must have

? 3 35
§e = - 'a-x' ()0)) . (_.\)

Equation 23 is the condition we need but to use it we must construct the

energy density of the electron gas.

The time derivative of Equation 23 is the second order moment
equation of the linearized Vlasov equation and defines the heat flow as

13




o

€0 9&/3t. Instead of obtaining Equation 23 by means of Equations 21 and 2
we could, alternatively, have assumed that the heat flow was given by
€9 9£/9t and solved the linearized energy equation.

The energy density €0 is composed cf the electric field energy
and the kinetic energy of the electrons. In general the energy density

c(x) is given by

2
=1 (9¢ 1
and so
¢
_ 1 ""0938¢ 1
de = 4™ 9x ox 2 88 - (25)

Substituting Equations 18 and 19 into (25) we find
opP 1
e = - 5; g + 5 P . (26)

From Equations 3 and 19 one can show that

oP 2
. 2 +.l,_§.(§9 27)
3x 8m dx {dx 2 e
or that
38"
N | 0 .
Po = &r ("‘ax) , (28)

if both PO and 8¢0/3x vanish at the outer boundary. Substituting Equation

28 into Equation 25 we have

Er = 3/2 P

0 (29)

@

Equation 29 states that the total energy density in the one-dimensional
boundary layer, for normal emission is three times the kinetic energy. If

the electrons were not emitted normally the expression for ¢ would not be

0
Equation 29. For example if electrons were emitted with a cosO distribution

14

—




with respect to the normal to the surface the fraction multiplying P0 in
Equation 29 would be 5/2 instead of 3/2 (see Reference 2 pgs. 21 through 23).
Substituting Equations 26 and 29 into Equation 23 we arrive at the condition

we seek,namely
) )
S§p + P 3% = - 3P0 5%—. (30)
For cos6 emission 5/3 would replace the 3 on the right-hand side of Equation
30. (This is so because a 3/2 would replace the 1/2 multiplying &P on the
right-hand side of Equation 25 for cos® emission.) Substituting Equation 30

into Equation 20 we arrive at the wave equation for oscillations

2
37¢ 9 9&, _
Po 8¢ 2 =¥ i (PO ax) Sl (513
E
where
Y=3 normal emission

(32)
Y = 5/3 cosf emission .
Equation 31 is analogous to the equation describing the velocity of sound
in a gas. Y is analogous to the ratio of specific heats. Since for a one-
dimensional ideal gas one would expect the ratio of specific heat Cp/cv to
be

C
p 32k .
G, T HEET > (33)

where Cp is the specific heat at constant pressure, CV is the specific heat

at constant volume and k is Boltzman's constant. For an ideal gas with

3 degrees of freedom the ratio of specific heats would be 5/3. Equation 33

is a result of the Boltzman distribution function. Equation 32 is not, al-

though the results are similar. We will now discuss boundary conditions and

a general method of finding the lowest mode of Equation 31. If we assume that
g g q
§ = ~£O(X)ewt . (34)

then substituting Equation 34 into Equation 31 we find that

15




e e e

9E
2 9 0, _ 35
Pgt g = ¥ g B 523 = 0 - (35)

The spatial boundary conditions for Equation 35 can be found by an examina-
tion of Equation 35. For x < 0, 50 is equal to zero. Equation 35 implies
that BEO/BX is continuous at x = 0 so that (this argument is analogous to
the "pill box" argument used in describing the boundary condition at the
surface of a conductor):
9F

=2 =0, (56)
09X

x=0

is the boundary condition at the inner surface. Equation 36 expresses the
fact that the fluid is incompressible at the x = 0 boundary and is also
consistent with our intuition that the perturbation should be, at least, a
local extremum at the boundary. Other boundary conditions are conceivable
and they could charge the nature of our conclusions about the frequencies

of oscillations (the form of the particular solutions discussed in Section 4
would not change if the boundary conditions were changed, however). It is
the opinion of this author that Equation 36 is the most '"nmatural" condition

for this system.

For x > d, {0 is equal to zero also. Continuity of £O at the outer
boundary would require ﬁo(d) to equal zero. To make the perturbations
physically meaningful we require go to be finite everywhere including the

position of the outer boundary.

-~
We can investigate the roots (w”) of Equation 35 by doing a few
manipulations. Multiplying Equation 35 by EO’ integrating over x and using

the fact that PO(dJ vanishes, while also using Equation 36 we see that

16




d
~ SEN2
I)I Po(é-i-) dx
d
S o, (8) dx ‘
0

(37)

5
Equation 37 is the basis for an approximation of w”™. It also shows us that
w is either imaginary or zero since both the integrals on the right-hand
side are positive definite. That is the adiabatic oscillations are never

unstable! Equation 37 forms the basis of a variational principle: any

function f(x) which satisfied the boundary conditions on &0 can be sub-
stituted into Equation 37; the resulting integrations make the right-hand
side of Equation 37 greater or equal to the lowest mode of the system. The
variational principle arises because Equation 35 together with the boundary

conditions are a self-adjoint system.

17




SECTION 4

MODES OF OSCILLATION OF KNOWN SOLUTIONS

In this section we find the modes of oscillation of three known

static solutions. The first is a monoenergetic energy distribution emitted

normal to the surface. We need both P

0

and 0y as functions of x. From

Reference 2 (we use the variable x instead of z) page 25 we have, after

using Equation 28

P0=a(1+
pO = b(l +
where
g ==-4d ;
a=2mn rO
and
2mr
b= VO.
1
r, is number of electrons

Substituting Equations 38

emitted /cmz/sec and

and 39 into Equation

y = (1 +x/2) ,

and

18

(38)

(39)

(40)

(41)

(42)

v, is the emission velocity.

35 while letting

(43)

(44)

I———



we have

2/3

J ,:/3 3 T .
() 3y \_0) + By : (45)

Jy

By means of a simple transformation

¥ = (2" %) - (46)

= + BE_ =0 . (47)
d z

The solutions are then

&g < cos [38(1 - x/d)l/JJ ) il
and
EO « sin [3R(1 - X/d)l/3] . i

In order to satisfy continuity of & at d we choose Equation 49 as our
) ) 0 1

solution. To satisfy Equation 36 for B # 0 we must have

2n+1

B==c=7 n=0,1... (50)
or
2
. | ¥a /2 gnei .
b T ( ’) T Sh
bd~
or from Equations 41, 42 and 32
v
. L 2n¢l
w_ = —_ = 0,12 v 52
Do i 3 ZVE_Tr n 0,1 52}

The longest period is 3.46 multiplied by the time it takes on electron
with velocity v, to go twice the boundary distance d. If we used the

solution of Equation 48, would be discontinuous at x = d and the fre-

"0
quency would be:

19




mm

i
w =1 T = m= 0,12 .-

= 53
m V3 (53)
A comparison of the lowest mode of Equation 52 with a computer solution is

made in Appendix IT.

We now proceed to the next static solution. It can be interpreted

as either a constant energy spectrum with normal emission or a monoenergetic

energy distribution with a cosO emission spectrum. With either interpreta-

tion the results are the same. From Reference 2 pages 26 and 30 we have

P, = a(l + x/2)° (54)
0p = b(1 + x/2)% , (55)
where
L=-d, (56) ’
a=m r0v1/3 3 (57)
and
b=4ry/v, (58) |
3
Here constants T, and vy have the same meaning they had in the previous
example. Using the transformation expressed by Equations 54, 55, 43, and ]
also Equation 44 we find that Equation 36 becomes
a(ei) - oy
3y 3y Ep) * BY gy =0 . (59)
If we let
{0 =y “u, (60)
and
y=2"1, (61)

Equation 59 transforms to

20
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_._hl_ :.%‘j__(_:-o-bucl)_ [()3
8 Z 02 =

5

The solutions of Equation 62 are spherical Bessel functions of order 2. If

H, represents a spherical Hankel function of order 2 then the solutions

are

Eg = ¥ “Hy(Bly) . (63)

In order for &£  to be finite at x = d (y = 0), B must be imaginary. Refer-

0
ring to Equation 44 we see then that o would be real which contradicts

the conclusions drawn from Equation 37. (If we assumed that w were real

we could not satisfy the boundary condition at x = 0.) Physically realistic

solutions of EO do not exist for this static solution.

We next consider the static solution which describes normal emis-
sion with an exponential distribution or a cosine angular distribution with

a linear times exponential energy distribution. From Reference 2, page 31

-y
PO = afl + x/&) — (64)
=
Py = BEL * X/ = (65)
where
2w,V
1=
Q = (—_Tiﬁ?ffh_) X (66)
8m e ro
a =1H/“mr0vl 5 (67) 1
and 1
$
»,
b = Jnl/“ L . (68) i
1

The constants have the meaning they had previously except that " is the

/
s s - . 8 . =W/ W
exponentiation energy of the energy distribution (e " 1) and

21
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(69)

\/1 = VZul/m .

Using Equations 64, 65, 43 and Equation 44 we find that Equation 35 bc:omes

a(-za g 3 .
Wy W€0)+B’ =0 . (70)

With the help of the transformation

2
Eg = YU, (71)
Equation 70 becomes
2 2
3l 97U 2 2 e
a'.2+2/yTy——2/yu+Bu—0. (72)
y
The solutions of Equation 72 are spherical Bessel functions of order 1. If
H1 denotes a Hankel function of order 1 then
(72)

2
£y = yH, (By)
In order for EO to be finite at y = ©, B must be negative or w must be

positive. By arguments similar to those of the previous section we con-

clude that a physically meaningful perturbed solution does not exist for this

static solution.

22




SECTION 5
SUMMARY AND SPECULATION

Adiabatic fluid theory has been used successfully in plasma physics
to describe Langmuir waves®. Here we have evoked an adiabatic fluid theory
to describe oscillations of the one-dimensional boundary layer. The results
of the analysis (utilizing a "natural' boundary condition for the problem)
are that a boundary layer formed from monoenergetic emission of electrons
normal to the surface supports plasma-type oscillations. A boundary layer
formed by either a monoenergetic energy distribution of electrons emitted
with a cosine angular dependence or a linear times exponential energy
distribution of electrons emitted with a cosine angular dependence do not

support oscillations.

These results, together with the form of the equation (Equation
35) describing the oscillations, suggest that monoenergetic emission of
electrons normal to the surface may be one of the only conditions under
which oscillations can occur in a one-dimensional boundary layer. This
suggestion is supported by the one-dimensional computer simulations done
at MRC with the SCALE1D code!. If a velocity space analysis were undertaken
it would probably show that perturbations of the electron gas are critically

damped for distributions other than that of monoenergetic normal emission.

If in fact there are other emission configurations which allow
oscillations of the boundary layer and these oscillations are described by
an adiabatic fluid, Section 3 demonstrates that the frequencies of oscil-
lations must be real. This means that the static boundary layer is stable

with respect to adiabatic perturbations.

23
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B

The implications for experiments is that any instability that

arises within an experiment with a one-dimensional boundary layer probably
comes from an interaction with the experimental system and the layer but

not from the electron gas itself. A linear times exponential energy distri-
bution with cosine emission may be particularly relevant to photon experi-
ments. Under these circumstances the electron gas does not support oscil-
lations itself and probably damps oscillations occurring because of an

interaction with an external system.

24




REFERENCES

Carron, N. J., Description of the Code SCALID for Calculating the
One-Dimensional SGEMP Boundary Layer, Mission Research Corporation,
MRC-R-267, May 1976.

Carron, N. J., and C. L. Longmire, On the Structure of the Steady-
State Space-Charge-Limited Boundary Layer in One Dimension,
Mission Research Corporation, MRC-R-240, DNA 3928T, November 1975.

Hale, C. R., Electric Fields Produced by an Electronic Current
Emitted Perpendicular to a Surface, Air Force Weapons Laboratory,
EMP Theoretical Note 115, April 1971.

Chandrasekkar, S., Ellipsoidal Figures of Equilibrium, Yale
University Press, 1969, page 32.

Krall, N. A., and A. W. Trivel Piece, Principles of Plasma Physics,
McGraw-Hi1ll Book Company, 1973.

25




APPENDIX I

In this appendix we demonstrate that the adiabatic condition for
an ideal gas, under constraints similar to that of the SGEMP boundaryv layer,
follows directly from Equation 23. We consider the idealized circumstance
of a one-dimensional system of gas held together by self-gravitation rather
than electric forces. The energy density €, including gravitational energy
€ is

" 816 \dx

(2 v

where ¢ is the gravitational potential, U is the internal energy of the gas
per unit volume and G is the gravitational constant. If a is the number of

degrees of freedom, then assuming a Boltzman distribution
U= qa/2 P . (I-2)

Because of the equation of equilibrium

5
1 AP\~
) = s il -8
0 8TmG \9x k=3
Substituting Equations I-2 and I1-3 into Equation I-1 we see that
e 5 5
0 = 3 }0 . (I-4)
Substituting Equation I-4 into Equation 23 we have
£ Bl ow ,a_ > £ it
6e = 5 Y 37 (‘0”) : (I-5)

where we have recognized y as the ratio of specific heats. By using the

Poisson equation for the gravitational system one can show, in a way




analogous to the derivation of Equation 25, that

SewBap e 2g . (1-6)

Substituting Equation I-6 into I-5 we find that

P
. 9& 0 S
P = - yBy 2= m B (I-7)

Equation [-7 is the correct adiabatic relation for one-dimensional

perturbations of an ideal gas.

28




APPENDIX II

In this appendix we compare a computer solution made with the
code! SCALEID for normal monoenergetic emission with the analytical result
of Section 4. We compare the period of the lowest mode derived analytically
with the oscillations observed in the computer simulation. We find the

results agree to within the accuracy of measurement.

The code solution describes the physical situation where electrons
are emitted normally with a very nearly monoenergetic energy distribution.
The emission energy is 1 keV. The time history of the emission spectrum
rises to a maximum in 10 nanoseconds along a linear ramp. It remains
constant for 50 nanoseconds and then drops discontinuously to zero. The

output of the code is in terms of normalized parameters. The relevant

ones are:
Time - 1.010 x 107 sec
Length - 1.892 ¢m
Velocity - 1.873 x 10° cm/sec

Charge Density -~ 1.479 x Ui ESU/cm3

-3 2]
x 10 7 abamps/cm”

1
(o)
ro
wn
gl

Current Density

Figure 2 shows the emission velocity distribution. Figure 3 shows the
charge density as a function of distance from the surface at a time large
enough to correspond roughly to equilibrium. For ¢he static problem the

charge density (Equation 38) approaches infinity for x = d. In the computer
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Figure 2. Emission energy distribution.
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solution the charge density is discontinuous at d. From Figure 2 this
distance is (.467)(1.892) = .883. From the static solution theory (Reference
2, page 24) the distance d is given in terms of
Y
4 =278 AL (I1-1)

\/ 8ﬂe2r0

The parameters in the above equation have the same meaning they did in
Section 4. o is the omisiion energy. In the computer problem 1.73 x 1()10
electrons are emitted / cm™ over the total time of 60 ns. To find an
average emission current we divide the emitted electrons by a time of 55 ns

(10 ns of the time history is a ramp). Thus

r, = 3.15 x 16 i ® sec” . (I1I-2)

Substituting this r, together with the appropriate values of the other para-

meters into Equation II-1 we find that
d = .855 cm . (I1-3)

This value corresponds quite well with the value taken from Figure 2 and

lends credence to the assumption that we are dealing with a static solution.

Figure 3 shows the current density at .568 cm from the emitting

surface. From the graphs the oscillations have a period T of

g 9

To = 5.24 x 1.01 © 10 = 3.726 & 107" sec . (I1I-4)

0
The value for the lowest mode (n=0) in Equation 52 is

TO = (3.46) \2,'d i (3.46)(2) (.883) = 3.26 x 10-9 sec

1 1.873 x 10°°

If we had used the value of d expressed by Equation I11-3, we would have
-G
obtained Ty equal to 3.16 x 10 9 sec. This number is within .3 percent of

the measured value.*

* Dr. Longmire has pointed out that the oscillations depicted in Figure 4 are
not really the sinusoidal oscillations suggested by the theory. The oscil-
lations of Figure 4 appear to be actually non-linecar. A code run designed
specifically to describe oscillations about an actual equilibrium solution
would be a better check of the theory.

32




Normalized Current Density

ﬂ,\
‘0—\‘

—
—d

Figure 4.

10. 1% 20. 25. 30. 35, 40.

Normalized Time

Current density vs. time (at .3 length units from
the emission surface).

33




DEPARTMENT OF DEFENSE

Commander in Chief
U.S. European Command, JCS
ATTN: ECJ6-P

Director
Defense Advanced Rsch. Proj. Agency

DISTRIBUTION LIST

DEPARTMENT OF DEFENSE (Continued)

Director
National Security Agency
ATTN: Orfand O. Van Gunten, R-425

OJCS/I-3
AT

'N: J-3, RDTA Br., WWMCCS, Plans Div.

ATTN: NMR
OJCS/J-5
Director ATTN: J-~5, Plans & Poliey RAD Div.
Defense Civil Preparedness Agency
Assistant Director for Research
ATTN: TS AED

DEPARTMENT OF THE ARMY

Director

Defense Communication Engineer Center BMD Advanced Tech. Ctr.

ATTN: Robert Rostron ATTN: RDMH-O, F. M. Hoke
ATTN: Code R103P
ATTN: Code 1035, Nicholas A. Sica Commander
BMD System Command
Director ATTN: BDMSC-TEN, Noah J. Hurst

Defense Communications Agency ATTN: SSC-TEN, L. L. Dickerson

ATT Code 800, Fred Bond
AT Code B205, George B. Adkins Dep. Chief of Staff for Rsch. Dev. & Acq.
ATTN: Code 430 AT DAMA-CSM-N, LTC G. Ogden
AT : Code 930, Monte 1. Burgett, Jr.
ATTN: NMR Commander
Harry Diamond Laboratories
Defense Documentation Center A N: DRXDO-TR, Edward E. Conrad

DRXDO-RB, Joseph R. Miletta
DRXDO-RCC, John E. Thompkins
DRXDO-RCC, John A. Rosado
DRXDO-RCC, Raine Gilbert
DRXDO-EM, Robert E. MeCoskey
DRXDO-RBH, Stewart S. Graybill
DRXDO-RC, Robert B. Oswald, Ir.
DRXDO-TI, Tech. Lib.
DRXDO-EN, George Merkel
DRXDO-EM, R. Bostak
DRXDO-EM, John Bombardt

Cameron Station
12e¢y ATTN: TC

Director
Defense Intelligence Agency
ATTN: DB-4C, Edward O'¥Farrell

Director

Defense Nuclear Agency
ATTN: DDST

, Archives

RATN ATTN: DRXDO-NP, Francis N. Wimenitz
2 ey RAEV
3 ey STTL, Tech. Library Commander
Picatinny Arsenal
Commander ATTN: SMUPA-ND-W
Field Command ATTN: SARPA-ND-C-E, Amina Nordio
Defense Nuclear Agency ATTN: SARPA-TS-I-E, Abraham Grinoch

ATTN
ATT

FCLMC N: SARPA-ND-N-D
FCPR ATTN: SMUPA-TN, Burton V. Franks
ATTN: SARPA-FR-E, Louis Avrami

Director
Interservice Nuclear Weapons School Commander
ATTN: Document Control Redstone Scientific Information Ctr.
U.S. Army Missile Command
Director 3 ey ATTN: Chief, Documents
Joint Strat. Tgt. Planning Staff JCS

ATTN: JLTW-2 Commander

TRASANA
Chief ATTN: ATAA-EAC, Francis N, Winans
Livermore Division Fld. Command DNA
Lawrence Livermore Laboratory Director
AYTN: FCPRL U.S. Army Ballistic Rescarch Labs,

ATTN: DRXBR-AM, Donald Eccleshall
National Communications System
Office of the Manager Chiel
ATTN: NCS-TS, Charles D. Bodson U.S. Army Communications Svs. Agency
ATTN: SCCM-AD-SV, Library




DEPARTMENT OF THE ARMY (Continued)

Commander

U.S. Army Electronies Command
ATTN: DRSEL-TL-ME, M. W. Pomerantz
ATTN: DRSEL-NL-0-4
ATTIN: DRSEL-GG-TD, W. R. Werk
ATTN: DRSEL-TL-IR, Edwin T. Hunter
ATIN: DRSEL-PL-ENV, Hans A. Bomke

Division Engineer
U.S. Army Engineer Div., Missouri Rvr.
ATTN: MRDED-MC, Floyd L. Hazlett

Commander-in-Chief
U.S. Army Europe and Seventh Army
ATTN: ODCSE-E AEAGE-PI

Commandant
U.S. Army Field Artillery School
ATTN: ATSFA-CTD-ME, Harley Moberg

Commander
U.S. Army Foreign Science & Tech. Ctr,

ATTN: DRXST-ISI, Daniel W, McCallum, Jr.

Commander
U.S. Army Mat. & Mechanics Rsch. Ctr.
ATTN: DRXMR-HH, John F. Dignam

Commander
U.S. Army Materiel Dev. & Readiness Cmd.
ATTN: DRCDE-D, Lawrence Flynn

Commander
U.S. Army Missile Command
ATTN: DRCPM-PE-EG, William B. Johnson

Commander
U.S. Army Test and E
ATTN: DRSTE
ATTN: DRSTE-

aluation Comd.
B, Russell R. Galasso
1., Richard 1. Kolchin

DEPARTMENT OF THE NAVY

Chief of Naval Operations
ATTN: Code 604C3, Robert Piacesi
ATTN: Robert A. Blaise

Chief of Naval Research
ATTN: Code 464, Thomas P. Quinn
ATTN: Henry Mullaney, Code 427

Commander
Naval Air Systems Command
ATTN: AIR-5202, Muriel L. Scarbough

Commander

Naval Electronic Systems Command

Naval Electronic Systems Cmd. Hgs.
ATTN: PME 117-21
ATTN: PME L117-T

ATIN: Code 5032, Charles W. Neill

Commander
Naval Electronics Laboratory Center
ATTN: Code 3100, E. E. McCown

36

DEPARTMENT OF THE NAVY (Continued)

Commanding Officer
Naval Intelligence Support Ctr.
ATTN: NISC-611

Director

Naval Research Laboratory
ATTN: Code 7706, Jay P. Boris
ATTN: Code 7701, Jack D. Brown
ATTN: Code 2627, Doris R. Folen
ATTN: Code 4004, Emanual L. Brancato
ATTN: Code 6631, James C. Ritter 4
ATTN: Code 7770, Gerald Cooperstein

Commander

Naval Sea Systems Command
ATTN: SEA-9931, Riley B. Lane
ATTN: SEA-9931, Samuel A. Barham

Commander
Naval Ship Engineering Center
ATTN: Code 6174D2, Edward F. Duffy

Commander

Naval Surface Weapons Center
ATTN: Code WAS01, Navy Nuc. Prgms. Off.
ATTN: Code WA5S0, John H. Malloy
ATTN: Code 431, Edwin R. Rathburn
ATTN: Code 431, Edwin B. Dean

Commander
Naval Telecommunications Command
ATTN: N-7, LCDR Hall

Commander
Naval Weapons Center
ATTN: Code 533, Tech. Lib.

Commanding Officer
Naval Weapons Evaluation Facility
ATTN: Lawrence R. Oliver

Commanding Officer

Naval Weapons Support Center
ATTN: Code 7024, James Ramsey
ATTN: Code 70242, Joseph A. Munarin

Director

Strategic Systems Project Office

d NSP-2431, Gerald W. Hoskins
ATTN: SP-2701, John W. Pitsenberger
ATTN: NSP-230, David Gold

DEPARTMENT OF THE AIR FORCE

Commander
ADC/DE
AE

N: DEEDS, Joseph C. Brannan
AL Geophysics Laboratory, AFSC

AT Charles Pike

ATTN: LQR, Edward A Burke

AL Institute of Technology, AU
ATTN: Library, AFIT Bldg. 640, Area B




DEPARTMENT OF THE AIR FORCE (Continued)

AL Materials Laboratory, AFSC
ATTN: Library

AF Weapons Laboratorv, AFSC

ATT SAB
ATT ELC
ATT EL, John Darrah

4 ELA
ATTN: SAS

ATTN: SUL
ATTN: EL

ATTN: TFS, Maj Marion F. Schneider

Commander
ASD

ASD-ENESS, Peter T. Marth
ASD-YH-EX, Lt Col Robert Leverette

Headquarters
Electronic Systems Division, (AFSC)
ATTN: XRRT
ATTN: DCD/SATIN IV

Commander
Foreign Technology Division, AFSC
ATTN: ETET, Capt Richard C. Husemann

HQ USAF/RD
ATTN: RDQSM

Commander
Rome Air Development Center, AFSC
ATTN: P. Gianino

SAMSO/DY
ATTN: DYS, Capt Wayne Schober
ATTN: SYS, Maj Larry A. Darda

SAMSO/IN
ATTN: IND, Maj Darryl S. Muskin

SAMSO/MN
ATTN: MNNG, Capt David J. Strobel
ATTN: MNNH, Capt William M. Carra
ATTN: MNNH, Capt Michael V. Bell
ATTN: MNNG

SAMSO/SK
ATTN: SKF, Peter H. Stadler

SAMSO/XR
ATTN: XRS

Commander In Chief

Strategic Air Command
ATTN: XPFS, Capt Deraad
ATTN: NRI-STINFO Library

ENERGY RESEARCH & DEVELOPMENT ADMINISTRATION

Sandia Laboratories
Livermore Laboratory
ATTN: Doc. Con. for Theodore A. Dellin

ENERGY RESEARCH & DEVELOPMENT ADMINISTRATION
(Continued)

University of California
Lawrence Livermore Laboratory

ATTN: Tech. Info., Dept. L-3
T Hans Kruger, L-96
Frederick R. Kovar, L-31
Donald W. Vollmer, L-154
Donald J. Meeker, [-545
Louis F. Wouters, L[-458
William J. Hogan, L-331
Walter W. Hofer, 1.-24

Los Alamos Scientific Laboratory
ATTN: Doc. Con. for Bruce W. Noel
ATTN: Doc. Con. for Donald R. Westervelt
ATTN: Doc. Con. forJ. Arthur Freed
ATTN: Doc. Con. for John S. Malik
ATTN: Doc. Con. for Marvin M. Hoffman
Doc. Con. for P. W. Keaton
: Doc. Con. for Richard L. Wakefield
ATTN: Doc. Control for Reports Lib.

Sandia Laboratories

: Doc. Con. for 5240, Gerald Yonas

Doc. Con. for Elmer F. Hartman

Doc. Con. for Org. 2315, James E. Gover
Doc. Con. for 3141, Sandia Rpt. Coll.
Doc. Con. for Org. 9353, R. L. Parker
Div. 5231, James H. Renken

Doc. Con. for Org. 2110, J. A. Hood

OTHER GOVERNMENT AGENCIES

Administrator

Defense Electric Power Admin.

Department of the Interior
ATTN: Document Control

Departmery of Commerce
National Bureau of Standards
ATTN: Judson C. French

Department of Transportation
Federal Aviation Administration
ATTN: Fredrick S. Sakate, ARD-350

NASA

ATTN: Code Res. Guid. Con. & Info. Sys.
NASA
Lewis Research Center

AT Library

Robert R. Lovell, MS 54-3

DEPARTMENT OF DEFENSE CONTRACTORS

Acrojet Electro-Systems Co., Div.
Aerojet-General Corporation
ATTN: Thomas D. Hanscome

Aeronutronic Ford Corporation

Western Development Laboratories, Div.,
ATTN: Donald R, McMorrow, MS G30
ATl : Library

ATTN: J. T. Mattingley, MS X22




DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Aerospace Corporation

ATTN: C. B. Pearlston
Norman D. Stockwell
Frank Hai
William W. Willis
V. Josephson
J. Benveniste
Irving M. Garfunkel
Julian Reinheimer
Library

Aveo Research & Systems Group
ATTN: Research Lib, A830 Rm. 7201

Battelle Memorial Institute
ATTN: Robert H. Blazek

The BDM Corporation
ATTN: T. H. Neighbors

The Bendix Corporation
Navigation and Control Division
ATTN: George Gartner

The Boeing Company

ATTN: Donald W. Egelkrout, MS 2R-00
\: Aerospace Library
David L. Dye, MS 87-75
Howard W. Wicklein, MS 17-11
Kenneth D. Friddell, MS 2R-00
Robert S. Caldwell, 2R-00

Booz-Allen and Hamilton, Inc.
ATTN: Ravmond J. Chrisner

Brown Engineering Company, Inc.
Cummings Research Park
ATTN: John M. MeSwain, MS 18

University of California at Sare Diego
ATTN: Sherman De Forest

Charles Stark Draper Laboratory, Inc.
Richard G. Haltmaicr
Paul R. Kelly

ATTN: Kenneth Fertig

Computer Sciences Corporation
ATTN: Barbara F. Adams

Computer Sciences Corporation
ATTN: Alvin T. Schiff
ATTN: Richard H. Dickhaut

Cutler-Hammer, Inc.
ATTN: Central Tech. Files, Anne Anthony

Dr. Eugene P. dePlomb
ATIN: Eugene P. dePlomb

The Dikewood Corporation
ATTN: Tech. Lib.
ATTN: K. Lee

Inc.

F-Systems
g 3 Library, 8-50100

ATTN:

38

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

EGAG, Inc.
Albuquerque Division
ATTN: Tech. Lib.
ATTN: Hilda H. Hoffman

Exp. & Math Physics Consultants
ATTN: Thomas M. Jordan

Fairchild Camera and Instrument Corp.
ATTN: Sec. Dept. for 2-233, David K. Myers

Ihe ¥ranklin Institute
ATTN: Ramic H. Thompson

General Electric Company
Space Division
ATTN: Larry l. Chasen
ATTN: Joseph C. Peden, VFSC, Rm. 4230\
ATTN: Daniel Edelman
ATTN: John L. Andrews

General Electrie Company
Re~entry & Environmental Svstems Div,
ATTN: Robert V. Benedict

General Electrie Company

TEMPO-Center for Advanced Studies
ATTN: Royden R. Rutherford

DASIAC

William MeNamara

John D. Illgen

General Eleetrie Company
Aircraft Engine Group
ATTN: John A. Ellerhorst, E 2

General Electrie Company

Aecrospace Electronics Systems
ATTN: W. J. Patterson, Drop 233
ATTN: Charles M. Hewison, Drop 624

General Research Corporation
ATTN: John Ise, Jr.

Georgia Institute of Technology
Georgia Tech. Research Institute
ATTN: R. Curry

Goodyear Acrospace Corporation
Arizona Division
ATTN: B. Manning

Grumm:
A

Acrospace Corporation
Jerry Rogers, Dept.

Had

GTE Svlvania, Inc.
Electronies Systems Grp-Eastern Div,
ATT Leonard L. Blaisdell
ATTN: Charles A. Thornhill, Librarian

GTE Sylvania, Inc.
A : Comm. Syst, Div., Emil P. Motchok

AT1 H & V Group, Mario A. Nurefora
AT David P. Flood
A Herbert AL Ullman

ATTN: ASM Dept., S. E. Perlman

Hazeltine Corporation
ATTN: Tech. Info. Ctr., M. Waite




DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Hercules, Incorporated
ATTN: 100K-26-W, R. Woodruff
Honevwell ncorporated
Government and Aeronautical
Products Division
ATTN: Ronald R. Johnson, Al622

Honeywell Incorporated
Aerospace Division

ATTN: Richard B. Reinecke, MS
ATTN: Harrison H. Noble, MS 7

Honevwell Incorporated
Radiation Center
ATTN: Technical Library

Hughes Aireraft Company
Centinela and Teale

Al : Kenneth R. Walker, MS D157
John B. Singletary MS 6-D133
Billy W. Campbell MS 6-E-110
Tech. Lib.

Hughes Aircraft Company

Space Systems Division
Al o William W. Scott, MS A1080
ATTN: Edward C. Smith, MS A62Q

IBM Corporation
ATTEN: Frank Frankovsky

IIT Research Institute

ATTN: frving N. Mindel
ATTN: Jack . Bridges

Institute for Defense Analyses
ATTN: IDA Librarian, Ruth S. Smith

Intl. Tel. & Telegraph Corporation
ATTN: Alexander T. Richardson

[on Physics Corporation
ATTN: Robert D. Evans

IRT Corporation
ATTN: R. L. Mertz

i James A. Naber

Terry Flanagan

Dennis Swift

ATTN:

Jaycor
AT

/ v: Eric P. Weenas
ATTN:

Andrew Woods

Jayveor
ATTN;
ATTN:

Robert Sullivan
Catherine Turesko

Johns Hopkins University
Applied Physices Laboratory
ATTN: Peter E. Partridge

Kaman Sciences Corporation

ATTIN: Albert P. Bridges
ATTN: W. Foster Rich
ATTN: Donald H. Bryce
ATTN: John R. Hoffman
ATTIN: Library

ATTN: Walter E. Ware

Litton Systems, Inc.

Guidance & Control Svstems Division
ATTN: R. W. Maughmer -
ATTN: John P. Retzler
ATTN: ValJ. Ashby, MS 67

Lockheed Missiles & Space Co., Ine.

ATTN: George F. Heath, Dept. 81-14
ATTN: Benjamin T. Kimura, Dept. S1-14
ATTN: Edwin A. Smith, Dept. 85-85
ATTN: Samuel I. Taimuty, Dept. 85-85
ATTN: Philip J. Hart, Dept. 81-14

Lockheed Missiles and Space Company
ATTN: Clarence F. Kooi, Dept. 52-11
LTV Acrospace Corporation
Vought Systems Division
ATTN: Charles H. Coleman
LTV Acrospace Corporation
AMichigan Division
ATTN: Tech. Lib.
ATTN: James F. Sanson, B-2

M.I.T. Lincoln Laboratory
ATTN; Jean L. Ryan
ATTN: Leona Loughlin, Librarian A-082

Martin Marietta Aerospace
Orlando Division

ATTN: Jack M. Ashford, MP-537
ATTN: Mona C. Griffith, Lib. MP-30
ATTN: William W. Mras, MP-413

Martin Marietta Corporation
CN: Ben T. Graham, MS PO-454
J. E. Goodwin, Mail 0452

Maxwell Laboratories, Inc.
ATTN: Victor Fargo

McDonnell Douglas Corporation
ATTN: Paul H. Duncan, .Jr.
ATTN: Stanley Schneider

Mission Research Corporation
ATTN: Daniel F. Higgins
ATTN: Roger Stettner
ATTN:

William C. Hart
ATTN: Conrad L. Longmire
S5 ey ATTN: Tech. Lib.

Mission Research Corporation
ATTN: Larry D. Scott
ATTN: David E. Merewether

Mission Research Corporation-san Diego
ATTN: V. A: J. Van Lint

The Mitre Corporation
ATTN: Theodore Jarvvis

Motorola Incorporated
Semiconductor Group

ATTN: James R. Black
Motorola, Inc.
ATTN: Tech. Info. Ctr., A. J. Kordalewski

39




rnrnactpt

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Northrop Corporation
Electronic Division

TN: John M. Reynolds
Vincent R. DeMartino
Boyce T. Ahlport

Northrop Corporation

Northrop Research and Technology Ctr.
ATTN: David N. Pocock
ATTN: Library
ATEN: ‘Orlie E. Curtis, Jr.

Northrop Corporation
Electronic Division
ATTN: Joseph D. Russo

Physics International Company
ATTN: Doc. Con. for Philip W. Spence
ATTN: Doc. Con. for John H. Huntington
ATTN: Doc. Con. for Charles H. Stallings
ATTN: Doc. Con. for lan D. Smith

Pulsar Associates, Inc.
ATTN: Charleton H. Jones, Jr.

R & D Associates
ATTN: Richard R. Schacfer
ATTN: Leonard Schlessinger
ATTN: S. Clay Rogers
ATTN: William J. Karzas
ATTN: William R. Graham, Jr.

The Rand Corporation
ATTN: Cullen Crain

Raytheon Company
ATTN: Gajanan H. Joshi, Radar Sys. Lab.

Raytheon Company
ATTN: Harold L. Flescher

RCA Corporation
Government & Commercial Systems
Astro Electronies Division

ATTN: George J. Brucker

RCA Corporation
David Sarnoff Center
ATTN: K. H. Zaininger

RCA Corporation

Government & Commercial Systems
ATTN: Eleanor K. Daly
ATTN: Andrew L. Warren

RCA Corporation
Camden Complex
ATTN: E. vVan Keuren, 13-5-2

Research ‘Triangle Institute
AT'IN: Sec. Officer for Eng. Div., Mayrant
Simons, Jr.

Rockwell International Corporation
ATTN: L. H. Pinson, FB41
ATTN: Donald J. Stevens, FATO
ATTN: N. J. Rudie, FAS3

k o James E. Bell, HAL0

N: J. Spetz

ATTN: George C, Messenger, FRGL

Rockwell International Corporation
ATTN: John F. Roberts

Rockwell International Corporation
ATTN: T. B. Yates

Sanders Associates, Inc.
ATTN: 1-6270, R. G. Despathy, Sr., P F
ATTN: Moe L. Aitel, NCA 1-3236

ATTN: James L. Burrows

Science Applications, Inc.
ATTN: Noel R. Byrn

Science Applications, Inc.
ATTEN: J. Roger Hill

Science Applications, Inc.
ATTN: Charles Stevens

Applications, Incorporated
TN: William L. Chadsey

Science

A

Sidney Frankel & Associates
ATTN: Sidney Frankel

Simulation Physics, Inc.
ATTN: Roger G. Little

The Singer Company
ATTN: Irwin Goldman, Eng. Management

Sperry Flight Systems Division
Sperry Rand Corporation
ATTN: D. Andrew Schow

Sperry Rand Corporation
Univac Division
ATTN: James A. Inda, MS 417125

Sperry Rand Corporation

Sperry Division
ATTN: Charles L. Craig, EV
ATTN: Paul Marraffino

Stanford Rescarch Institute
ATTN: Mel Bernstein
ATTN: Arthur Lee Whitson
ATTN: Setsuo Ddaiviki
ATTN: Philip J. Dolan

Stanford Rescarch Institute
ATTN: Macpherson Morgan

Sundstrand Corporation
ATTN: Curtis B. White

Systems, Science and Software
ATTN: David A. Mesken

Systems, Science and Software, Ine,
ATTN: Ira Katz
ATTN: Andrew R. Wilson

Systron-Dhonner Corporation
ATTN: Harold D. Morris




e

i
2

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Texas Instruments, Inc.
ATTN: Donald J. Manus, MS 72

Texas Tech. University
ATTN: Travis L. Simpson

TRW Systems Group

ATTN: Jerry I. Lubell
Aaron H. Narevsky, R1-2144
H. H. Holloway, R1-2036
R. K. Plebuch, R1-2078
Tech. Info. Center, S-1930
Robert M. Webb, R1-2410

TRW Systems Group
ATTN: J. M. Gorman, 520/114
ATTN: F. B. Fay, 527/710
ATTN: Earl W. Allen, 520/141

TRW Systems Group
ATTN: Donald W. Pugsley

United Technologies Corp.
Norden Division
ATTN: Conrad Corda

Westinghouse Electric Corporation
Defense and Electronic Systems Ctr.

ATTN: Henry P. Kalapaca, MS 352




